Polyurethane (PUR) block copolymers containing alternating stiff and soft blocks fall into the family of thermoplastic elastomers. Similar to elastomers, these polymers are capable of marked reversible deformations under working conditions. At elevated temperatures, they behave as thermoplastics. This behavior is related to the structure of block copolymers in which soft blocks are comprised of polyester constituents and rigid blocks are built up of urethane moieties capable of physical network formation. Block copolymers are synthesized by the interaction of diisocyanates with oligodiols and chain extenders, as a rule, low-molecular-mass diols. The properties of polymers are determined by both the nature and structure of initial reagents and the ratio and length of soft and stiff blocks, and molecular-mass parameters of PUR block copolymers, which, in turn, are defined by the kinetic features of reactions occurring during formation of these polymers. The interaction of diisocyanates with chain extenders, for example, butanediols, is an example of these reactions.
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The goal of this study was to examine the kinetics of polyurethane formation reactions as exemplified by interactions of diisocyanates with 1,3-and 1,4-butanediols. This goal is dictated by the absence of kinetic data on these interactions since investigations in this field were performed for the most part on low-molecular-mass monofunctional alcohols [1] [2] [3] [4] . EXPERIMENTAL 1,3-and 1,4-Butanediols (1,3-BD and 1,4-BD) purchased from Aldrich were purified according to standard techniques [5] . The content of hydroxyl groups was 99.9% based on the theoretical value.
Diisocyanates (2,4-tolylene diisocyanate, TDI), hexamethylene diisocyanate (HMDI), and 4,4'-diphenylmethane diisocyanate (MDI) purchased from Aldrich were vacuum distilled at 50-55 ° C/12 Pa and stored in sealed ampules. The content of isocyanate groups was 99.9% on the basis of the theoretical value.
Methylene chloride, chloroform, and diglyme were purified as described in [5] . To remove stabilizer (alcohol) additives from the solvents, they were initially treated with diisocyanate and then distilled. The purity of solvents was checked by a spectral method.
Reactions of 1,3-BD and 1,4-BD with MDI, TDI, and HMDI were carried out at 20 ° C in diglyme in a high-speed temperature-controlled micromixer. Experiments were performed under argon at the stoichiometric ratio of functional groups ( c NCO ) 0 = ( c éç ) 0 ≈ 1.12 g-equiv/l. Diglyme was chosen as a solvent that models an oligoether medium in the formation of block copolymers. The catalytic reaction was studied in the presence of dibutyltin dilaurate; c cat = 4 × 10 -4 mol/l. According to GPC [6] , the molecular mass of the resulting PURs were in the range of (10-12) × 10 3 .
The kinetics of reactions of diisocyanates with butanediols was investigated by IR spectroscopy by measuring a change in the intensity of an absorption
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with Chain-Extending Agents M. A. Zaverkina 1 , V. P. Lodygina, V. V. Komratova, E. V. Stovbun, and E. R. Badamshina band corresponding to asymmetric stretching vibrations of an NCO group ( ν NCO ~ 2270 cm -1 ). The IR spectra of reaction solutions in methylene chloride (for reactions with TDI and HMDI) and chloroform (for reactions with MDI) were recorded on a Specord M-82 spectrophotometer. Molar extinction coefficients ε needed for concentration calculations were derived from corresponding calibration plots (815.5, 1440.0, and 1091.3 l/(g-equiv cm) for HMDI, TDI, and MDI, respectively).
The effective rate constants for reactions of HMDI and MDI with butanediols were estimated from rectilinear portions of anamorphoses of kinetic curves. The dissymmetry of TDI manifests itself as the presence of two portions on anamorphoses that are characterized by constants k 1eff and k 2eff . The values of k 2eff were calculated from second rectilinear portions of anamorphoses since determination of rate constants corresponding to the first portion k 1eff presents an experimental difficulty, especially in the case of catalytic reactions. Rate constants for interactions of functional groups belonging to symmetric and asymmetric molecules of diols and diisocyanates, that is, rate constants of pair interactions, are also experimentally undeterminable. All above-mentioned rate constants are gross values since they consider formation of various associates. This study takes no quantitative account of association processes.
The calculated rate constants were obtained by solving the direct kinetic problem according to a standard program. Calculations were performed under the following assumptions: the reactivity of primary hydroxyl groups in 1,3-BD corresponds to the reactivity of primary hydroxyl groups in 1,4-BD, the reactivity of hydroxyl groups is independent of chain length, and the medium is homogeneous throughout the urethane formation reaction.
For each of the studied diisocyanate-diol pairs, systems of equations describing interaction of functional groups were set up. Solution of these equations yielded sets of rate constants for pair interactions. A criterion for selection of rate constants was provided by the coincidence of experimental anamorphoses of kinetic curves. The calculation procedure was described in [7] . The error in determination of experimental and calculated rate constants was ± 10% . Block copolymers were synthesized by the interaction of oligo(3,3-bis(azidomethyl)oxetanediol) ( M = 1.8 × 10
3 ) and a mixture of HMDI and TDI diisocyanates with 1,4-BD (block copolymer 1) or 1,3-BD (block copolymer 2) at a concentration ratio of functional groups [NCO] tot /[OH] tot close to equimolar ( ≅ 1.0). PUR block copolymers were synthesized at 70 ° C in the high-speed (1400 rpm) temperature-controlled micromixer under argon.
RESULTS AND DISCUSSION
Aromatic diisocyanates, such as TDI, MDI, and 1,5-naphthylene diisocyanate, and the aliphatic diisocyanate HMDI, are widely used in the synthesis of PUR block copolymers, and low-molecular-mass alcohols, specifically butanediols, are employed as chain extenders. Herein, we studied the effect of the structure of diols and the nature of diisocyanates on the kinetics of catalytic and noncatalytic urethane formation reactions. As objects of research, we chose to use aliphatic symmetric HMDI, aromatic symmetric MDI, and asymmetric TDI among the above series of diisocyanates. The effect of the structure of diols was examined using 1,4-BD and 1,3-BD. The latter compound contains the secondary hydroxyl group along with the primary one, that is, falls into the group of asymmetric diols.
Urethane formation reactions occurring in the systems under consideration may be described by the following interactions between hydroxyl and isocyanate groups contained in the symmetric diol and symmetric diisocyanates; asymmetric diol and symmetric diisocyanates; symmetric diol and asymmetric diisocyanate; and asymmetric diol and asymmetric diisocyanate. For the latter three variants, experimentally determined rate constants are the combination of rate constants of pair interactions between functional groups of different reactivities and these rate constants may be derived only theoretically, whereas in the first variant, the experimentally determined rate constant coincides with the rate constant of pair interactions.
Calculations need accurate data on the ratio between reactivities of functional groups of asymmetric 1,3-BD and TDI molecules, that is, on the degree of dissymmetry of a molecule α . Figure 1 illustrates the typical experimental anamorphoses of kinetic curves plotted for noncatalytic reactions in the second-order coordinates. In the general case, the appearance of inflection points in these curves (Fig. 1, curves 2 , 3 ) may be associated with the structural dissymmetry of both diol and diisocyanate. However, the dissymmetry of diol in the interaction of 1,3-BD with symmetric diisocyanates (curves 1 , 4 ) does not change the rectilinear character of anamorphoses of kinetic curves. Hence, the appearance of inflection points in experimental anamorphoses may be attributed solely to the dissymmetry of the TDI diisocyanate molecule α NCO .
In the case of TDI, the value of α NCO = k NCO para / k NCO ortho was estimated previously as ~4 [7] . The value of α éç = k éç prim / k éç sec was calculated for the interaction of 1,3-BD with symmetric diisocyanates (HMDI, MDI). Figure 2 shows the calculated anamorphoses of kinetic curves plotted in the second-order coordinates. The character of these curves is determined by the value of α éç : at α éç < 3, these are straight lines, while at α éç > 3, their rectilinear character is violated. A comparison of calculated anamorphoses ( Fig. 2 ) with experimental plots (Fig. 1, curves 1 , 4 ) shows that, for reactions of 1,3-BD with all the studied
